Objective: Although exercise therapy intervention for frail elderly people was not of great interest in the past, it has recently drawn attention as a method to prevent and improve conditions requiring care since the enforcement of the Long-Term Care Insurance Law and the revision of the long-term care insurance system. This randomized controlled trial was performed to evaluate the effects of exercise therapy using the Takizawa Program.
Introduction
Exercise therapy for the frail elderly was previously considered to be of little interest. However, the Long-Term Care Insurance Law enforced in 2000 has raised interest in exercise therapy for disabled elderly people in the maintenance phase (1) (2) (3) (4) (5) . Furthermore, the long-term care insurance system will be changed to a care prevention-oriented system in 2006 (6) . The goal of this system is to maintain and improve the conditions requiring long-term care and to prevent the aggravation of their conditions. Exercise therapy for the frail elderly is necessary to achieve this goal. However, this therapy is only applied to at-home patients who require light care or who are at a high risk of disabilities requiring care.
For patients admitted to special nursing homes, trials to change the "activity of daily living (ADL) to perform possibly" to "ADL to perform definitely" (7, 8) are conducted, but exercise therapy for maintaining and improving motor functions that are essential for ADL is not yet regularly performed. Many long-term-care facilities use recreation as a substitute for exercise therapy, although it is often, for safety reasons, performed while sitting, which limits its effects on the functions of the lower limbs and trunk and promotes disuse atrophy (9) . Thus, exercise therapy for the frail elderly has increasingly drawn attention, but it has generally only been applied to patients requiring light care.
We have developed the Takizawa Program as an exercise therapy for the bedridden elderly with marked hypofunction (10) (11) (12) (13) (14) , and we have used it for approximately 15 years. The Takizawa Program (11), which was used in this study, is designed so that the frail elderly can perform essential physical exercises to achieve upright position and gait. The program uses exercises ranging from assistive to resistive, according to the conditions of the subjects, to increase the range of motion values of large joints and the movements of large muscles in the trunk and limbs. Most of these exercises, however, are active assistive exercises.
The program is performed three times per week while sitting or standing. The program includes the following exercises:
1. Upper limb range of motion exercise using a movable pulley 2. Trunk flexion and twisting exercise with abdominal breathing 3. Ankle plantar-dorsal flexion exercise using the instrument "PATA" 4. Knee flexion-extension exercise using the instrument "KORO" 5. Shoulder and elbow flexion-extension exercise 6. Knee extension exercise 7. Hip flexion exercise 8. Standing balance exercise using parallel bars or stall bars. 9. Hip abduction, hip flexion, hip extension, squat, and tip-toe standing using parallel bars. 10. Walking forward, backward, and sideward using parallel bars. 11. Ambulatory exercise using a walker developed specifically for this program (15) . It has "sleds" on the front wheels to prevent the user from reaching high speeds. This program is now widely practiced as an individual exercise therapy for the frail elderly in some special nursing homes for the elderly and in geriatric hospitals, but no data has been obtained from studies including a randomized controlled trial (RCT). Clarifying the efficacy of this exercise therapy for the patients in these facilities may draw more attention to exercise therapy for the frail elderly.
Therefore, this RCT was performed to evaluate the effects of exercise therapy using the Takizawa Program in terms of two factors: range of motion (ROM) and functional independence measure (FIM).
Subjects and Methods

Subjects
The subjects were female patients in three special nursing homes for the elderly in the Tokyo Metropolitan area and Niigata Prefecture who were in stable health and agreed to participate in this study. The subjects in each nursing home were stratified in terms of their care levels and then randomly assigned to either the exercise therapy intervention group (Ex group) or the control group (Co group).
Care levels are defined in the Long-Term Care Insurance Law, and are determined on the base of the total time required for assistance with ADL's, Instrumental ADL's, functional training, and medical services. The care levels and corresponding estimated times per day required for care are as follows (6) .
Assistance needed: from 25 to 30 minutes (because the patients classified in this level are not admitted to facilities, they were not included in this study).
Care This study was reviewed and approved by the ethics committee of each of the participating facilities and the ethics committee of Niigata University of Health and Welfare. The purpose of this study and the contents of the exercise program were explained in detail by the health care staff to each subject or her appropriate family member when a subject could not understand by herself. All the subjects or their families gave written informed consent before participating in this study.
Exercise therapy and procedure
Exercise therapy interventions were performed three times per week for three months at all the facilities. Even though these facilities are special nursing homes for the elderly, they can provide organized physical exercise and have nurses and careworkers who serve as physical exercise instructors.
Endpoints and measurers/evaluators
ROM value was measured, and FIM score was obtained to evaluate the effects of the exercises.
ROM value was measured for shoulder flexion, knee extension, ankle dorsal flexion, and ankle plantar flexion using the method recommended by the Japanese Orthopedic Association and the Japanese Association of Rehabilitation Medicine. Measurements were made before and after the exercise therapy intervention. At the nursing homes in Niigata, the patients exercise sessions were led by one physical therapist, whereas at the nursing home in Tokyo, the exercise sessions were led by physical exercise trainers and the exercises were checked by the same physical therapist who visited the Niigata nursing homes once a month. The evaluators of ROM were physical therapists working for other facilities, who were not involved in the exercise therapy.
The FIM method is used to evaluate ADL in the integrated data system that was developed in 1979 through the Stroke Outcome Study, which was conducted by the American Congress of Rehabilitation Medicine in cooperation with the American Academy of Physical Medicine and Rehabilitation, primarily involving 17 facilities. FIM consists of 18 factors, and is characterized by examining the details of self-care and transfer activities and also by addressing issues of communication and social cognition (16). Saitoh et al. (17) have reported that the time needed for care is 1.61 minutes per item.
The functional levels and scores of FIM include the following seven grades: 7: No assistance from others is needed in performing ADLs. The evaluators of FIM in this study were the careworkers who provided daily care to the patients, and were blind to the patient's assignments to the Ex or Co group.
Statistical analyses
The distribution of the care levels was analyzed using the chi-square test. Mean ages were compared using Student's ttest. ROM values before and after the exercise therapy intervention were compared in each group using the paired-t test and between both groups using Student's t-test. FIM scores were compared between the two groups before and after the exercise therapy interventions using Mann-Whitney's U test, and those before and after the exercise therapy intervention were compared in each group using the Wilcoxon signed-rank sum test.
Results
Characteristics of subjects from three facilities
The number of subjects and the timing of the study in each facility were as follows:
Facility A in Niigata admitted 72 patients, and 60 of them were female, of whom 52 participated in a study performed from May to August in 2003. Facility B in Tokyo admitted 104 patients, and 84 of them were female, of whom 59 participated in a study performed from November, 2003 to January, 2004. Facility C in Niigata admitted 50 patients, and 40 of them were female, of whom 38 participated in the study performed from June to September in 2004. The total number of subjects from the three facilities was 149 (Ex group 74; Co group 75), of whom 145 subjects (Ex group 71; Co group 74) participated throughout their entire intervention period. FIM score was measured for all the subjects, but ROM value was measured only for 67 subjects in the Ex group and 58 subjects in the Co group (Table 1) . ROM value was not measured in some subjects because they were absent as a results of hospitalization or were sick on the day of the measurement. Table 1 shows the distribution of care levels for the subjects in the Ex and Co groups whose FIM score and ROM value were measured before and after the exercise therapy intervention. There was no significant difference in the distribution of care levels between the Ex and Co groups (for the subjects whose FIM score was measured, p=0.965; for the subjects whose ROM was measured, p=0.357).
For all the subjects, the mean period from admittance to the beginning of the intervention study was 1256 days (30-11940 days), and the median of the period from admittance to the beginning of the intervention study for the Ex group was 1160.5 days and that for the Co group was 1280.5 days. The mean ages were 84.85±7.30 in the Ex group and 86.25±6.59 in the Co group (p=0.114).
Comparison of ROM values (1) Comparison of ROM values between groups before exercise therapy intervention
The baseline differences in ROM values between both groups were not significant except right shoulder flexion (p=0.048) ( Table 2) . (2) Comparison of ROM values between groups after exercise therapy intervention
The ROM values for right shoulder flexion (p=0.001), left shoulder flexion (p=0.005), right knee extension (p=0.022), and left knee extension (p=0.047) were significantly higher in the Ex group than in the Co group (Table 2) . (3) Comparison of ROM values between before and after exercise therapy intervention for each group
The Ex group showed improvements in ROM values for right shoulder flexion (p=0.009), left shoulder flexion (p= 0.028), right knee extension (p=0.001), right ankle dorsal flexion (p=0.005), and left ankle dorsal flexion (p=0.006) compared with those before the exercise therapy intervention (Table 2) . On the other hand, the Co group showed no significant improvements. (4) Difference in amount of change in ROM value between before and after exercise therapy intervention As for differences in the amounts of change in ROM value, the values of right knee extension (p=0.069), and left ankle dorsal flexion (p=0.018) markedly increased in the Ex group (Table 3) . (Table 3) .
Comparison of FIM scores (1) Comparison of FIM scores between groups before exercise therapy intervention
No difference in the baseline FIM scores before exercise therapy intervention was observed between the groups except for that in the baseline FIM scores for expression which was significantly higher in the Ex group (p=0.034). The mean FIM scores for eating were within the range of 4 (minimal assistance is needed) to 3 (moderate assistance is needed) in both groups, and the mean scores for most of the other items were approximately 2 (maximal assistance is needed) ( Table 4) . (2) Comparison of FIM scores between groups after exercise therapy intervention Comparison between groups after the exercise therapy intervention showed that FIM scores for eating (p=0.043) and comprehension (p=0.045) were significantly lower in the Co group than in the Ex group (Table 4) . (3) Comparison of FIM scores between before and after exercise therapy intervention for each group
Comparison between before and after the exercise therapy intervention showed no significant differences for any items in either group (Table 4) . (4) Comparison of total FIM scores by care level As for the total FIM scores by care level, a comparison between the two groups after the exercise therapy intervention showed a significant decrease in FIM score for care levels 1 and 2 in the Co group (p=0.033) ( Table 5) . (5) Difference in amount of change in FIM
The mean amounts of change in total FIM scores were compared, but there was no significant difference between the Ex and Co groups for all subjects and for each care level (Table 6 ).
Discussion
In this study, we evaluated the effects of exercise therapy (Takizawa Program) intervention on the frail elderly using RCT with two factors: ROM and FIM.
The ROM values of the subjects admitted to the special nursing homes for the elderly were very low at the baseline. Normal ROM values have been determined by the Japanese Orthopedic Association and the Japanese Association of Rehabilitation Medicine, but several studies have shown that the normal ROM values vary depending on age and sex (18, 19) . Okabe et al. (19) have reported the mean ROM values of women aged from 70 to 80 as follows: shoulder flexion, 161°; knee extension, −3°; ankle dorsal flexion, 21°; and ankle plantar flexion, 53°.
Our baseline measurements were lower than the standards of the Japanese Orthopedic Association and the Japanese Association of Rehabilitation Medicine (1995). Furthermore, these values were lower than the averages by age, which may be due to the effect of disuse atrophy. Fukuya (9) has reported that the failure to stand up and remain in an upright position as independent actions for longer than 1 minute per day in daily life results in limitations in ankle dorsal flexion. Fukuya has also reported that people who remain in a sitting position for more than 1 hour have limitation in knee extension. The subjects of this study had difficulty standing up and remaining in an upright position as independent actions, as described by Fukuya (9) , and spend most of the day sitting in a wheelchair. In addition, because raising the upper limbs overhead is not required in their daily lives, such action was thought to be limited mainly owing to disuse atrophy.
After the exercise therapy intervention, ROM values only in the Ex group increased except for tthat of ankle plantar flexion. The ankle plantar flexion value did not change in the Ex group but increased in the Co group. In contrast, the ankle dorsal flexion value decreased in the Co group, which indicated that the drop foot symptom was aggravated in the subjects of the Co group and improved in those of the Ex group.
The exercise therapy intervention used in this study, which is called the Takizawa Program, is characterized by the use of simple instruments. These instruments include a "movable pulley" for the shoulders, PATA for plantar and dorsal flexion of the ankles, and "KORO" for flexion and extension of the knee. According to Endo et al. (20) , the motion range of PATA for ankle dorsal flexion is 0-25° and the motion range of KORO for knee flexion is 30-110°. These instruments were used to assist with repetitive exercise within the subjects' individual ROM. Repetitive exercises were performed with the help of assistants when the subject could not move, and assistance was reduced as the numbers of spontaneous actions of the subject increased. The instruments were equipped with springs and blocks so that users could move them with little effort, thus, the subjects were also assisted by the instruments. Such spontaneous action reportedly promotes secretion of extracellular fluid in the matrix of tissues that constitute joints and prevents changes in cell functions (21) . Therefore, this exercise therapy intervention with the aid of instruments (Takizawa Program) is considered suitable for improving ROM. In this study, the subjects showed a difference in the baseline ROM values between the right and left joints, and they also showed a difference in the amount of change in ROM value after the exercise therapy intervention between the right and left joints. These findings were observed from the subjects having disorders such as hemiplegia and rheumatoid arthritis, which do not occur symmetrically in the right and left joints.
FIM score did not significantly increase or decrease after the exercise therapy intervention in either group. However, the Co group showed lower scores for eating and comprehension than those of the Ex group after the exercise therapy intervention. Additionally, the comparison of the total scores by care level between the groups indicated that the total score of the Ex group was higher than that of the Co group for care levels 1 and 2. This finding indicates that an appropriate exercise therapy intervention for people who need light care may delay the aggravation of their function.
In this study, the exercise therapy intervention could not increase the FIM score or improve ADL of the frail elderly. ADL of the frail elderly is difficult to improve, and, in particular, the more difficult the improvement in ADL in patients with a chronic cerebrovascular disorder becomes, the longer the disease persists (22) (23) (24) . Intensive training could improve actions such as sitting up, standing up, and gait, whereas improvements in ADL probably require not only improvement of actions but also various factors such as the motivation of patients, the consciousness of caregivers, and environmental factors, including the residential environment. For 80.4% of the subjects of this study who were 80 years old and over, who were in need of long-term care and who on average fell into care level 5, achieving apparent improvement seemed particularly difficult. In addition, an improvement in ADL was not apparent probably because the subjects of this study included patients with dementia.
In this study, five stratified care levels seemed to be too high for the number of subjects, thus, studying subjects at the same care level may better reveal the effects and problems of the program.
The maintenance of the function level acquired through rehabilitation is reported to be influenced by not only motor function factors but also by psychosocial factors (23) . In one study, it was found that 15 to 20% of patients who need a high level of care could improve their ADL if they have motivation (2). Decreases in the levels of gait function and some other functions were reported to become evident after a certain period of time after discharge (24) . In this study, we examined the amounts of changes in ROM value and FIM score after exercise therapy intervention, but a multifaceted analysis involving psychological factors, environmental factors, and time of the start of exercises may be necessary to more accurately determine the effects of various exercises on the frail elderly.
In conclusion, the exercise therapy intervention used in this study, which is called the Takizawa Program, was found to be effective for the frail elderly, regardless of the types of disorder and disease. Future studies of this exercise therapy intervention should also include the frail elderly at high care levels as the target population.
